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0 Integral multi^layer analysis element 


0 A multi-layer analysis element including an endogenous ammonia trapping layer, an ammonia producing 
layer containing a composition capable of reacting with an ammonia producing substance to produce gaseous 
ammonia, and at least one layer essentially incapable of trapping ammonia and essentially incapable of 
producing ammonia, and capable of preventing the diffusion of ammonia, disposed between the endog nous 
ammonia trapping layer and the ammonia producing layer. The unified multi-layer analysis element according to 
the invention is useful for the quantitative analysts of ammonia producing substances in aqueous biological food 
samples, with a high degree of sensitivity and accuracy, using a simple procedure. 
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INTEGRAL MULTI-LAYER ANALYSIS ELEMENt 


FIELD OF THE INVENTION 


This invention concerns integral multi-layer analysis elements for the analysis of substances which can 
produce IrTonTa ^Tnc^6 saiSpie as the analyte. More particularly, the invention ^^^-^i;-^^^^^' 
rjyer type analysis elements which are suitable for the quantitat./e analysis of ^^^^ t^^^^^ 
sSances such as creatinine and urea etc. which are contained in biologK:al fluids such as blood, urine, 
lymph etc.. without being affected by endogenous ammonia. 

BACKGROUND OF THE INVENTION 

The auantitative analysis of ammonia producing substances such as creatinine and urea etc. 
contJned T bSSiS Lds is of the uSnost Importance in the diagnosis of diseases such as Icdney 
Tie in examinations carried out for controiiing the course of such diseases and m the examination of 

"^"S^S;S?°c;^ analysis by a procedure in which ammonia is produced from f J^^J^^^^ 
substance and a procedure in which the ammonia so produced is detemnined are typical of the mettwds 
usS^frtt,e Lysis of ammonia producing substances. Such methods of -^V^^„ ^"/'Jy'"^^^^^^ 
ammonia used on a wide scale in the past include wet methods or' solution methods. Moreover in rewrrt 
d^ methods of analysis based on conversion to ammonia in which dry analytcal devices as typified 
by the integral multi-layer analytical element are used, have been proposed and putinto P^fJ^^ 

The above mentioned procedures for producing ammonia from ammonia producing sub^^en- 
erally im/ohre methods in which the ammonia is generated by the action of an enzyme. For example, 
mthoinn which the creatinine in a nquid sample is hydrolyzed specifically to ammonia and N- 
methSd^toin by means of creatinine deiminase (EC3.5.4.21) can be "^ed for *e quantrtatve analyses 
crSine in a biological fluid. Furthem,ore. methods In which uiea is hydrolyzed to ^^^.^^^^ 
dioxide using urease as a catalyst can be used for the quantitative analysis of urea nitrogen b-o^'J^ 
Ss (referral to below, as BUN). In these methods the ammonia producing ="''«f^^^^''=^^^*^ 
analyte. is the substrate of an enzyme and so they are known as ammonia generating st^^tes^"^*^® 
for L analysis of these ammonia generating substances have been disclosed in Ajjal^ ^^^SSgt- g 

(1974) Clinica Chimica Acte. 18. 409 (1967). Oinical Chemical Ana!jr|s IIK 
components (ji^eiST^eslT-l^ind pages 67 - 87 (Tokyo Kagaku Dojin. Tokyo. 1979) and Journal of 
Medical Technology (Japanese. Vol. 5 (No. 6). pages 387 - 391 (1961 ) etc. ammonia^ 

However, the bio logical fluids which are these anaiytes often contain ammonia <«"*'9f ^^^"^"2 
in a state in which it has been released as ammonium ions, and rt has not been possible «> f s™9^^ 
errors which have arisen as a result of the presence of this endogenous ammonia Hence ■» ^ "ecessay to 
eliminate the effect of the endogenous ammonia In, order to determine the ^^"^2., «mmo^ have 
producing substrates precisely, and some rtiethods for the eHmination of endogenous ammonia have 

^'^^TejSrSS'eT'of methods for the analysis of ammonia producing substances which include a 
procedure for the pre-elimination of endogenous ammonia in a wet method '^^^'^^^l'^;'^^^^^^^ 
Sisclosed in Japanese Patent Application (OPI) Nos. 5.198^3 conresponding » 2102 feTm 
31.696/84. 31.697/84. 31.698/84. 31,700/84 and 56.095/86 con-esppnding to EP Om 276A etc. (tne term 
-OPI" as used herein refers to a "published unexamined Japanese patent applicaton". 

Integral multi-layer analysis elements for the analysis of ammonia producing substances in which tne 
effect of the endogenous ammonia is eliminated (or abated) by an endogenous ammonia trapping function 
within the analysis element itself, such as the integral multi-layer elements discfcssed in Japanese Patent 
Appllcatfon (OPI) No. 278.761/88 corresponding to EP 0204 334A. have also been disclosed as dry 
methods of analysis. These multi-layer analysis elements have an endogenous ammonia trapping layer, in 
which an ammonia trapping reaction takes place, established adjacent to and above the layer in which 
ammonia is formed by the ammonia producing reaction. ^ ^ ^ ^ .««»h^. 

More, reagent compositions which contain an enzyme which converts ammonia as substrate to anotner 
substance are included in the endogenous ammonia trapping layer. Actual examples of such composttions 
include those which contain NADH (the reduced form of nicotinamide adenine dinucleotide) and/or nadph 
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(the reduced forn^ of nicotinamide , adenine dinucleotide phosphate), glutamic acid dehydrogenase 
(EC1 .4.1 ,3) ihd a-ketoglutaric acid (or a salt thereof). 

It is evident that because the ndogenous ammonia trapping layer is adjacent to the reaction layer in 
which the ammonia producing reaction takes piece, in integral multi-layer analysis elements for the analysis 
5 of ammonia producing substances which have an endogenous ammonia trapping layer, the measurement 
sensitivity has tended to be lower than that of an element in which no endogenous ammonia trapping layer 
is used, since ammonia which has been produced by the ammonia generating reaction diffuses upwards 
and takes part in a side reaction in the endogenous ammonia trapping layer, 

SUMMARY O F THE INVENTION 

One object of this invention is to provide integral multi-layer analysis elements for the quantitative 
analysis of ammonia producing substances in which measurement errors due to ammonia (endogenous 
75 ammonia) which is present in an aqueous fluid sample are eliminated and with which the analysis can be 
carried out with a higli degree of sensitivity. 

.A further object* of the invention is to provide integral, multi-layer analysis elements with which ammonia 
producing substances such as creatinine and blood urea nitrogen (hereinafter refer to "BUN") can be 
analyzed quantitatively with a high level of accuracy and quickly, using a simple procedure. 
20 It has now been discovered that these and other object of the present Invention can be attained by a 
..multi-layer..analysis element including an endogenous ammonia trapping layer, an ammonia producing 
layer, containing a composition capable of reacting with an ammonia producing substance to produce 
• gaseous ammonia; and at least one layer essentially incapable of trapping ammonia and essentially 
incapable of producing ammonia. and capable of preventing the diffusion of gaseous ammonia, disposed 
25 between the endogenous ammonia trapping layer and the ammonia producing layer, 

DETAILED DESCRIPTION OF ThIe INVENTION 

30 Preferred embodiment of the invention Include the following structures: ' ^ 

[1] Multi-layer analysis elements for the quarititative analysis of ammonia producing substances in 
which there are laminated sequentially: . . 

(1) An optically transparent and water impermeable support 
' (2) An ammonia indicator layer which cpntaihs an indicator in which a detectable change is 
35 produced by gaseous ammonia: 

(3) A liquid permeation barrier layer through which gaseous ammonia is able to pass: 

(4) An ammonia producing reaction reagent layer which contains a reagent composition which 
reacts with ammonia producing substances and produces gaseous ammonia: 

(5) A layer which essentially has no ammonia trapping or ammonia producing reaction function, but 
40 which has the function of essentially preventing the diffusion of gaseous animonia; 

(6) An endogenous ammonia trapping layer which contains a reagent composition which acts upon 
ammonia which Is present in the aqueous fluid sample and converts this ammonia into a form in which it is 
unable essentially to reach the reaction reagent layen and 

,r (7) A porous spreading layer. 
45 ' . 12] Multi-layer analysis elennents for the quantitative analysis of ammonia producing substances in 
whicfi there are laminated sequentially: 

(1) An optically friansparent and water impermeable support; 
. (2) An ammonia indicator layer vyhich contains an indicator in which a detectable change produced 
.by gaseous ammonia: . 
so .. (3) A liquid permeation barrier layer through which gaseous ammonia is able to pass; 

. (4) An ammonia producing reaction reagent layer which contains a reagent composition which 
reacts with ammonia producing substances and produces gaseous ammonia; 

(5) A layer which essentially has no ammonia trapping or ammonia producing reaction function, but 
which has the function of essentially preventing the diffuision of gaseous ammonia; and 
55 (6) A porous spreading layer which incorporates an endogenous ammonia trapping layer consisting 

of a porous layer which contains a reagent composition which acts upon the ammonia- which is present in 
the aqueous fluid sample and converts the aforementioned ammonia into a form in which it is unable 
essentially to reach the above mentioned reaction r-eagent layer. 
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blhe, welhknown layers such ss Intem^edlate laye.^. lack, InlermcOlaB l?ysrs. ""J^'iSSjl w 
shieS^lXs^a, also incWed in to elements provMea mat ««v J-ave^o adveras rtW^on tfte 

SSTn'o. .Ke integ^l —aye, analyals etentents "'^A^J-aSlilC^lf o-"^^^^ 

'"1S;S''Jir5I'integ«. m««Ha,e, analysis eie„.ents o. «s invention a« >-<'^»'«•. i'^^^^ 

urea etc. can be carried out easily and quickly. Furthermore, manipulation and handhng are also simple 
since the analysis elements of this invention are integral element " . v uiwi4„ ammnnifl 

MorLTet^e integral multi-layer analysis elements of this invention have a *^'9»',^«"^*;'J'^„^"'°^ J 
produci^^ ibstances and accurate analysis can be achieved even with fluid samples wh.ch contain only 
trace quantities of ammonia producing substances. ^ ■ ' „u that »ha ammonia 

Furthermore, the integral multi-layer analysis elements of this invention are such 
prodVckig suL;nce is dLmiined indirectly by reacting it (the analyte) wi* ^ 

2,d c^oduci ammonia and then detem,inlng the ammonia which is produced Hence. changing me 

or«^e 5orementoned reaction reagent for producing ammonia it is ^° 
7^% analytical elements of this invention for the quantitative analysis of a yanety of ammoroa producing 

'""ISc examples of optically transparent and Uquid. impermeable, supports (referred ^ below as 
supp<S on S integral'multi-layer analysis elements of this Invention ^r^SShTi^^ A 

Sparent supports made of transparent polymers such ^ ..Pf'^^*^;'^"^ 
polycTbonate. polystyrene, or cellulose esters (for example cellulose diacetate. 

ISoie estate propionate etc.) havmg a thickness from about 50 um to about 1 mm. and preferably from 

^'"^"o^:^^^^^^^^ coated on the surface of the support as requ^ed in -d- to l«nd ti. 

reaction teye^ i other laye« (fbr example a v.ater absorbing layer) more fim.ly onto the support 
FtSe^no% me s^^^^ of adhesion can be improved by subjecting the surface of the support to a 
physical or chemical treatrrient instead of providing an undercoating layer. . . . ^ . 

'-The ammonia indicator layer (referred to below as the "'"*<=^!^'^y«2 ro'rt e^^^^^^^^^ 
detectable change is produced by gaseous ammonia.. It is coated on the support ^ °' ^'J 

SltSlV ayer such as an underciting layer etc.. depending on the particular case. The '"dH^Jr layer 
^nfai^st^ least one type of color fom,ing ammonia indicator. A color '^^^^^ a^mom^^^^^ a 
compound in which a detectable change (for example a coloration ,or color change brought about by a 
change in the absorbing wavelengtii) is induced by gaseous ammonia. . .^Kthatein dves (as 

Leuco dyes such as leuco cyanine dyes, nitro substituted, leuco dyes f ^ P^*^^^^^ 
disclosed in U.S. Reissue Patent No. 30.267 and Japanese Patent Appli^tion (OP'>^ ^1<>: J^'^^'^^^.^^ 
indicators such as bromophenol blues.- bromocresol green, bromothymol b'^e. QU'nphne bkj a^^^^ 
add etc (described in "Chemical Dictionary- (Japanese) Vol. 10. pages 63 - 65 (published by Kyonteu 
Shupr^ 6o.)): triarylmetiiane based dye precursors: leuco benzylidene dyes (<*'«;'°^«t;d hS'weachtte 
AppScation (OPI) Nos. 379/80 and 145.273/81): diazonium salts and azo dye couplers: j^^J^^^^^f'^ 
dyes etc can be used for Uie color forming ammonia indicator in an integral multi-layer analysis element of 


this invention. 

55 


The indicator layer is normally fom.ed by preparing a coating liquid by mixing at least orja of tiiese 
color tombing ammonia indicators wiU, a polymer binder which is soluble in organic solvers or w^"^^^^^ 
then coating this liquid onto the transparent support and drying. Specific examples °^ '"^^'^^^ J, os^ 
Snders ihcSde, for example, cellulose esters such as cellulose monoacetate. cellulose diacetate. cellulose 


0 287 112 


triacetate, cellulosa acetate butyrate. cellulose .acetate propionate etc. alkyi c iluloses such as methylcel- 
, lulose, ethylciffufose. propylcellulose etc. and synthetic vinyl polymers such as polymethylmethacrylate, 
polyacrylate. polystyrene, polyacrylonitrile. polyvinyl acetat . polyvinylbutyraJ. chlorinated polyvinyl acetate, 
polyacrylamide. polyvinyl pyrrolidone. polyvlnylalcohol. or copolymers of these materials. 
5 The amount of color fonning ammonia indicator compounded is preferably within the range from about 
1 wt% to about 20 wt% with respect to the weight of binder. Moreover, the pH of the indicator layer can b 
adjusted to within the range of the color fonning pH of the color fonning ammonia indicator by the addition 
to the indicator layer of an organic acid or an inorganic acid such as ethane sulfonic acid, asparaginic acid, 
azeleic acid, glutaric acid, succinic acid, glutaconic acid, tartaric acid, pimelic acid, malonic acid. maJlc acid. 
,10 3.3-dimethylglutaric acid, dtric acid, p-toluene sulfonic acid. . perchloric , acid, hydrochloric acid etc.. an 
organic base or an inorganic base such as aminomethane, aminoethane. ammonia, sodium hydroxide, 
potassium hydroxide, lithium hydroxide, etc. or pH buffers, in order to prevent any coloration or change In 
colQf of the color forming ammonia indicator during manufacture or storage. 

The boating liquid with which the indicator layer is fomied can be prepared by adding the color forming 
/s" ammonta indicator, binder polymer and reagents, such as the above mentioned acids for pH adjustment 
which are added as required, to an organic solvent, such as acetone. 2-methoxyethanol. methyl ethyl 
ketone, dichtorcmethane, dichloroethane. methanol, ethanol etc., or water to provide a solid fraction 
concentration from about 1 wt% to about 30 wt%; and preferably from about 3 wt% to about 20 wt%. The 
coating liquid can be formed into an indicator layer by coating it onto the support and drying, normally in 
20 such a Way tnat the layer thickness after drying is within tiie range from about 1 urn to about 30 um, and 
preferably within the range from about 2 um to about 20 um. 

A liquid permeation bamer layer (refenred to below as the barrier layer) through which gaseous 
ammonia is able to pass is provided on top of the indicator layer. This banier layer »s a layer consisting of a 
substance through which gaseous ammonia is able to pass but through which liquids, such, as coating 
25 liquids and sample fluids etc.. or interfering components (for example alkaline components) which are 
contained in these liquids are essentially unable to pass or permeate, either during the rnanufacture of th 
multi-layer analysis element (in practical terms, during the coating of the reactibri layer, which Is described 
hereinafter, on the barrier layer ) or during the. analytical procedure. ^ . 

Barrier layers can be broadly classified into two types from the structural poirit of view. The first type is 
30 an air barrier layer type (referred to below as an ''air bamer layer") which consists of a porous material with 
connected pores in which a layer of air functions essentially as a barrier layer, and the second type is a 
polymer bamer layer type (refenred to below as a "polymer banrier layer") consisting of a tiiin homo- 
geneous, non-porous liayerof hydrophobic polymer (or a polymer which has a low level of hydrophillcity). 
Examples of porous materials which have connected pores whiph form an air fc>arrier layer include 
35 membrane filters, porous materials in which fibrous materials have been entwined, stuck or bonded together 
(for example paper, filter paper, felt, non-woven cloths etc.). and porous materials consisting of a wov n 
'material base, a knitted material tjase or a fine mesh-like material. 

Specific examples of membrane filters which can be used as air banier layers include those made from 
cellulose acetate (cellulose diacetate or cellulose triacetate etc.) cellulose nitrate, regenerated cellulose. 
4o polyamides (nylons), bisphenol A polycarbonates, polyethylene, polypropylene and fluorine containing 
polymers such as polytetraflubroetiiylene etc. When used in a integral multi-layer element of this invention, 
the thickness of tiie above mentioned membrane filters is witiiin ttie range of about 30 um to about 300 um 
and preferably within the range from about 70 um to 200 um. 

The porosity (void fraction) of tiie membrane filter is from about 25% to about 90% and preferably from 
45 about 60% to about 90%. Furthemiore, the average pore size of the membrane filter is witiiin tiie range 
from about 0.01 um to about 20 um and preferably within tiie range from about 6.1 um to about 10 um. 
Merhbrane filters which have the above mentioned characteristics can be manufactured using ttie metiiods 
diklosed in either U.S. Patent No. 1,421.341. or Japanese Patent Application (OPI) No. 21.677/78. for 
example.' Furtherrnore, a variety of suitable membrane filters is already availat)le commercially from a 
50 number of manufactures and a membrane filter can. be selected as required from among tiiese products for 
• use: ' ' . - ■ 

Porous materials consisting of fibrous materials which have been entwined, stuck, or bonded togeth r 
which can be used as air barrier layers in the invention are porous materials which have connected pores 
with a structure in which fibrous materials, such as those disclosed in Japanese Patent Application (OPI) 
55 No. 77.660/83. or aggregates thereof, are physically entwined or physically and/or chemically stuck or 
bonded together. 

Specific examples of fibrous materials from which . the above mentioned porous materials can be 
consti'ucted include natural fibrous materials such as cellulose fibers, cotton fibers, hemp fibers, silk fibers. 


5 


woo. fibers etc.. fibers consisting of ^^^^^^^4^^^^^^^^^^^ such as glass 

fibers, ceilulosa acetate fibers etc.. and ^'br^^ m^^^^^^ XSonitrile fibrous materials and polyvinyl 
wool, polyethylene fibers, polyethyleneterephtha late «bers^'yacjio^^^^ furthermore, examples of 

E^h^rSap^ ;nsrirs w ^-^^ 

and non-woven cloths which have been "^^^J^^^^^^X^^^^^ sticking or bonding together fibrous 
The void fraction of the porous "'^^"^^l^^'t^f ^"^^^^^ preferably within the range from 
0 materials Is normally within the range ^<^^^^f^l'^;^'J^,^^ materials is norm^ly within 

about 50% to about 85%. The average void size of ^^^^"^^.^T^^^ ^ange from about 0.1 um to 

the range of from about 0.01 J"!^^^ is normally within me 

Hxamples of w.en -"brScr^^^^ 
from natural fibers (for example cotton gy^h as viscose rayon, cuprammonium 

(for example broadcloths made from ^^^^^^^^Sc fib^n^^^^^^^^ broadcloL made from fibers 
rayon, fortisan etc.). woven materials made ^7^^""!^!^/'^^^^^^^ and semi-synthetic 

,0 such as polyamides (nylon), and m.x«J "^^^^^^^ 

fibers or synthetic fibers (for examples broadcloths Jj^^"" J^'^^ ^ ^ barrier layers include 

terephthalate fibers etc.). Examples of knitted "^^^nals wh^h ^ fibeS as mose which can be used in 
knitted materials consisting of the same fibers, .or yarns of ^f the fine mesh-like 

me manufacture of the aforemenUoned -^^^r'^f "tn/nete^Tn;^ 

2S materials which can be used as air barrier layers -ncUjde fine "^f^ ^J^J"^^;^^^ polyethylene. 

or yarns (for example polyamides <"y'°"l ' J^'^ of^e aL(^^^^^^^ °' ""'^ 

polypropylene, polyvinylchloride) etc. ^^^^^^^^^^.^'g^t^^ 300 um; Furthemiore. the void 
like materials is nonnally within the range ^^"^ """rX from about 20% to about 60% and 

fraction of the woven, knitted or mesh-like matenal is nomially from about zy 

30 preferably from about 40% to about 60%. ^ _ _ interfering substances such as alkalin 

There is a danger that fiquids. especially liquids v»b.c*. contain W 9 ^^^^ 

materials in solution, will pass through the ^J^^^^^^'Z.e [^^ as described above, 

the case of air barrier layers made o extent that capillary ftow due 

Hence the air barrier layer is preferably "^Vf °f ^^^l^^'^^^^^^ application of a treatment to 
35 to the above mentioned capillary action does not occur ^ ^.^us material which 

Tender the materia, hydrophobic or water repellent is treatments for 

has connected voids is only weakly hydrophobic or ^P^^"*"^^?^^^ j^^ion in. coating 
rendering me porous material ^y^-P^^^**^-^^^^^^^ ^ho^^wlr Repellent as typ^ed by 

with, or spraying with a known reagent for rendenng their original state or after 

matrix for the indicator layer descnbed earlier. The attacbment or tne po^^ ^ ^omtiinaSon. In this context 
adhering the porous material while the indicator ayer is wet s^d then dn^ng combina . 
the statement "while the indicator layer is r^t" s,^^^^^^^^ ^^^^3(1 W^^^^^^^^ (an organic 

dissolved is still present, or that the dned film J*^" T^^f ° rhriiJlicator ikyer is in a wet state, a 

a tolytoer ■Mch has Smltad M'ophlliclty) am prafetab^ '^^T''j^^^Zs^Jiim,^ have 

Jfch hava nmlted h,d™pW«clty. Specific examples °'j'V*°^''=^'^.'Srha«=l A polycar-. 
Ilm«ed hy(*ophilWty indwie celtolose acetate p«w«iate. celkjtose acetate 
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Donate, polyethylene, polypropylene, ethylene-vlnyl acetate copolymers, polyurethane. polystyrene, poly- 
vinyl chlorideT' vinyl chloride-vinyl acetate copolymers, polyamides(nylons). polymethyl methacrylates and 
polyvinyl butyral etc. These polymers may be used Individually or in the form of mixtures of two or more 
thereof. 

5 The polymer barrier layer thickness is normally within the range from about 0.1 um to about 6 urn. and 
a thickness within the range from about 0.2 um to about 3 um is especiaily desirable. A polymer barrier 
layer can be provided by coating a solution of the polymer in an 6l-^anic. solvent and drying in accordance 
with the methods disclosed in Japanese Patent Application (OPI) No. 19,062/83 and Japanese Patent 
- Application (OPI) NO. 21.452/85: 
10 The use of an air barrier layer consisting of a membrane filter, or a membrane filter which has been 
treated to render.it water, repellent, consisting of a vinyl polymer such as polyethylene or polypropylene, or 
a fluorine containing vinyl polymer such as poly tetrafluoroethylene etc. is preferred from the points of view 
of achieving an analytical procedure of short duration, a high degree of accuracy and a highly uniform 
coloration or change in color in the indicator layer. 
, ,15 . The ammonia producing reaction layer (referred to below as the reaction layer) contains reagents which 
... react with an ammonia producing substance and produce gaseous ammonia, it is provided directly, or on a 
tacky intermediate layer whidh is described below on the banrier layer. The reaction layer usually contains a 
reagent capable of reacting with an ammonia producing substance to produce ammonia (generally an 
enzyme or a reagent Which contains an enzyme), an alkaline buffer for ensuring that the ammonia which is 
20 produced by the reaction is released efficiently as gaseous ammonia, and a hydrophilic polymer binder 
which can be formed into a film. 

The reagent which reacts with the ammonia producing substance and produces ammonia Is preferably 
an enzyme, or a reagent which contains an enzyme, and an enzyme appropriate for the analysis can be 
selected readily for iise according to the type of ammonia producing analyte. VVhen an enzyme is used as 
25 the above, mentioned reagent the combination of ammonia producing substance, and reagent is determined 
by the specificity of the enzyme. Specific examples of ammonia producing substance/reagent combinations 
include ..urea/urease. creatlnin/creatinine deimmase. amino acids/amino acjd dehydrogenase, amino 
acids/amino acid, oxidase, amino acids/am monialyase. amines/amine oxidase, diamines/amine oxidase, 
glucose and phosphoamidate/phbsphamidate hexose phosphotransferase, v ADP^carbamate kinas . acid 
30 amide/amide hydrolase, nucleobase/nucleobase deaminase; nucleoside/nucleoside deaminas . 

nucleotide/nucleotide deaminease, guanine/gluanase etc. 
. - The alkaline buffers which can be used in the reaction layer have a pH within the range from about 7.0 
. to 10!^5 and preferably within the range from about 7.5 to 10.0. Actual examples of buffers include 
ethylenediamlne tetraacetic add (EDTA), tris(hydroxymethyl)aminomethane (Tris), phosphate buffer. N.N- 
35 bis(2-hydroxyethyl)glycine (Bidne). N-[tris(hydroxymethyl)methyl]-3-aminopropane sulfonic acid (Taps), N- 
, 2-hy!Clroxyethylpiperazine-N'-2-hydroxypropane-3-sulfonic acid. (Heppso). N-2-hydroxyethylpiperazine-N'-3- 
. propanesulfonic acid (Epps), N,N-bis(2-hydroxyethyl)-2-aminoethane sulfonic, acid, 3-tN-bis{hydroxyethyl)- 
amino]-2-hydroxypropane sulfonic acid (Dipso). N-hydroxyethylpiperazine-N'-ethane sulfonic acid (Hepes), 
piperazine-N,N'-bis(2-hydroxypropane sulfonic acid) dihydrate , (Popso). 3-[N-tris(hydroxymethyl)* 
.; . 40 methyaminoh2-hydroxypropane sulfonic acid (Tapso). N-tris(hydroxymethyl)methylamionoethane sulfonic 
acid (Tes). N-[2-hydroxy-1.1-bis(hydroxymethyl)-ethyl]glycine (Tricine) etc. or alkali metals salts (for exam- 
ple lithium salts, sodium salts, potassium salts etc.) or alkaline earth metal salts thereof. Details of these 
buffers are noted at pages 467-477 of Biochemistry Vol. 5 (1966): pages 300-310 of Analytical Biochem* 
istry^ Vol 104 (1980) and at pages 1312-1320 of the Japanese Chemical Society Publication entitles 
. 45 Chemistry Handbook ; Fundamentals Edition {(Japanese). Tokyo. 1966, published by Maruzen Corp.). 

A suitable hydrophilic polymer can be selected from among the water soluble binder polymers which 
can be used in the indicator layer described earlier. (Dther hydrophilic polymers which can be used in the 
/reaction layer include gelatin, gelatin derivatives, agarose, pluran. pluran derivatives, polyvinyl alcohol, 
pdlyacrylamide etc. Of these polymers the use of gelatin or gelatin derivatives is generally preferred. 
. 50 \ Wetting agents, binder crbsslinking agents (hardening, agents), stabilizers, heavy metal ion chelating 
agents (complexing agents) etc; may be included as required in the reaction layer, as well as the reagent 
- • . which reacts with the ammonia producing substance and produces ammonia, the alkaline buffer and the 
hydrophilic polymer binder which can be made into a film. Suitable heavy riietal ion chelating agents are 
those which can be used for masking heavy metal ions of the type which interfere with enzyme activity. 
55 Specific examples of such heavy metal ion chelating agents include complexanes such as EDTA 2Na. 
EDTA 4Na. nitrilotriacetic acid (NTA). diethylenetriamine penta-acetic acid etc. .. 

The reaction layer may be formed by mixing the reagent which reacts with the. ammonia producing 
substance arid produces ammonia, the alkaiilne buffer and the above mentioned reagents which are added 
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15 


20 


2S 


30 


as required wHh the hydropHHic binder .Nch can ^ J^-J^^^^ ' 

coam nquldand then coating this .iquid ^^^'^^'^^Zpr^Sm subsTce and produces ammonia 
The amount of the reagent which reacts ^^^^^\qoq u. and preferably within the 

included in the reaction layer is within the ^S^^^'"^^^"^;'^^ ^^^^^^ The use of an amount 

range from about 200 U to 540 U. per square m^er. " ^"^,^p^t to the weight of binder is 

um to 10 urn. „K«. «r««iri..ri between' th^ barrier layer and the reactionlayer 

The tacky intermediate layer which ""^''^ P^°^'f j^. of from 10% to 85% and normal ambient 

contains a polymer composition wWch Is^cky "f^^ ^J^^^^^^^v^ ^ be established using the 
temperature (from about O'C to ^bout 40'C).^e_tac^ Action (OPl) No. 21.452'8S. The polymer 
material and procedure disclosed in J^f^^^^flde' ma?Te a^^^^^^ 

composition from which the tacky intemiedjate layer .s ^^^^^^^^ 3 ^.^re in which known 

glass transition point (Tg) below 0-C. a mixture ^'^^ "'^J^'^^^^^ Me thereof. The thickness 
Lkifiers and surfactants have been added as "^T at to about 6 and 

of the tacky intermediate layer Is normally, withm the range from ,appui u 

methyl propane sulfonic acid three component copolymers, etc. ^ _ ihe polymer barrier layer 

"'Vl^e'e^Hshment Of a tacky intem,ediate ^/^^^^^^^^^ has Hmlted 

consists Of a thin, homogeneous non-porous. hydrophobic polymer ^or a R«y 

hydrophilicity). „ _ function of essentially preventing the diffusion into 

An ammonia diffusion preventing layer which as *e h^^S t the ammdnia producing reaction layer, 
the ammonia trapping layer of the ammonia -•'•<:^'^ P"^ aTLnm^^^ taction, is provided on 

and which essentially does not trap ammonia or give nse to an ammonia proau y 

top of the ammonia producing reaction layer.. .^^ functions provided that it 

The ammonia diffusion preventing layer may be * J^^'^^a S^^ Examples of layers which 
essentially does not trap ammonia or undergo an ammon^ P;^^"^^^^^^^^^ 

have other functions include cured hydrophilic polymer , layer. ^'^^.i^J^^^^ , can be select d 

The polymer binders which can be used in ^"I^^^^^^^J^^'^i^us, water pem^eable 
without particular limitation, provided that they can '°Jlfr'.^^^^ irterSedlate layer. Any of the 
f.,ms and laminated onto the reaction layer ^^^^J ^^^^^ for this purpos . 

polymer binders used in the aforementioned '""^'f ^2^^^^^^^ 

prodded that they are essentially pem,eable to water. ^^^'^^"^^T o L same type as used 

especially a water soluble hydrophilic polymer or one which is ^^''^.^^^^y^^gj^ derivatives. 
In me reaction layer is preferred. Prefened hydrophilic polymere are 9®'*" _ « 

laver but its pH value is 

A polymer binder can be used alone for the ammonia 'o^der to increase th 

preferSy adiusted between about 7.0 and about * Le Sw^^^^^ about 8.0 to 

efffciency with which the diffusion of ammonia, is prevented. A pH value within me rang 

about 1 0.0 is especially desirable. ,.„=.„„i.„ w the buffering function for maintaining the pH 

diffusion of the ammonia, but a thinner film is preferred from the PO'"* °* ^ 

mm thickness within a range which satisfies both of these l^.n^o^^^^^ ^^^^,,„3 3 

■ rs^.^r„iss ^^^^^^ 
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(endogenous ammonia) which is present-^in the aqueous fluid sample and converts it into a form such that it 

. - . does not re^h the reaction layer below (referred to simply as the "endogenous ammonia trapping layer" is 
provided directly, or on an intermediate light ishielding layer described hereinafter or some other type of 
intermediate layer, on top' of the ammonia diffusion preventing layer. The endogenous ammonia trapping 

5 layer has the function of trapping endogenous ammonia which is also present in the sample before the 
ammonia producing substance such as creatinine or BUN etc, which is the analyte reaches the reaction 
layer and commences the reaction which produces the ammonia. 

The term "trapping endogenous ammonia" signifies that a reagent system which is included in the 
endogenous ammonia layer binds with the endogenous ammonia, to assunne a state from which it is 

10 . essentially unable to dissociate during the period of the analytical procedure, or that the reagent system 
which is included in the endogenous ammonia trapping layer brings about a chemical reaction with the 
endogenous ammoniai convering the endogenous ammonia to some other chemical sub^stance (in practice 
to an ammonium salt, amnrtonium ion or a chemical substance which is different from gaseous ammonia), 
so that the endogenous ammonia is fixed in the endogenous ammonia trapping layer and is essentially 

15 unaDie to. reach the reaction layer. The latter type of endogenous ammonia trapping layer which contains a 
reagent system which has the function of reacting with and fixing the endogenous ammonia is preferred. In 
this specification th^ reagent systems which bring about a chemical reaction with the endogenous ammonia 
and convert It into a different chemical substance are referred to as endogenous ammonia trapping 
reagents. 

20 . Reagent compositions which contain enzymes with the ability catalytlcally to convert ammonia as a 
substrate to some other substance are prefenred for the endogenous ammonia, trapping reagent, specific 
examples of endogenous ammonia trapping reagents include reagent compositions which contain NADH 
(the reduced form of nicotinamide adenine dinucleotide) and/or NADPH (the reduced form of nicotinamide 
adenine dinucleotide phosphate), gluatmic acid dehydrogenase (both EC1.4.T,4. and ECl.4.1.3. may be 

25 used, which are i-^ferred to below as "GLDH") and cr-ketoglutaric acid or salts thereof, (referred to below as 
"o-KQ*>. Furthermoe. reagent compositions which contain aspartase (EC4.3.1.1) and fumaric acid or 
fumarates can also be used; The use of reagent compositions which contain NADH, GLCH and o-KG are 
preferably used for the endogenous ammonia trapping reagents In the integral multi-layer analysis elements 
of ttiis invention. Furthermore, when reagent compositions which contain GLDH or. reagent compositions 

oo which contain aspartase are used, the use of an appropriate buffer is preferred so as to maintain th pH 
value of the ehdogendus amrhonia trapping layer normally i^eiow about 8.5. and preferably within the range 
from about 7.0 to 8,5. 

Buffers for mairitaing the aforementioned pH value which can be used in^the endogenous ammonia 
trapping reagent include those disclosed at pages 1312-1320 of the Japanese Chemical Society Publication 

35 entitled Chemistry Handbook, Fundamentals Edition (Japanese) (Maruzen Co,, Tokyo. .1966); disclosed in 
Norman E. Good et al.. "Hydrogen Ion Buffers for Biological Research". Biochemistry 5 (2) pages 467-477 
(1966) and those disclosed by R. M. C. Dawson et al Data for Biochemical Research , pages 467-508 {2nd 
ed.. Oxford Clerendon Press. (1989) and in Analytical Biochemistry 104, 300-301 (1980). Furthermore, the 
organic acids or their alkali metal (or alkaline earth metal) salts which are , used in the integral multi-layer 

-to , analysis elements disclosed in Japanese Patent Application (OP!) No. 28.277/82. the basic F>olymers» acidic 
polyrners and alkali metal (or afkailne earth metai) salts of acidic polymers which are used in the integral 
multi-layer analysis elements disclosed in Japanese Patent Application (OPI) Nos. 143,959/84 and 
10.171/85 etc. and mixtures of these materials can be used as the above mentioned buffers. 

Examples of preferred buffers from among these pH buffers include combinations of disodium 

ds hydrogen phosphate, 3-morpholinopropane sulfonic acid (MOPS. CAS Reg. No. [1132-61-2]) and sodium 
. hydroxide.' combinations of potasisium dihydrogen phosphate and disodium hydrogen phosphate, combina- 
tions of disodium hydrogen phosphate and citric ackj, combinations of boric acid, sodlumchloride and borax 
corribi nations of potassium dihydrogen phosphate and sodium tetraborate and combinations of sodium 
tefrabbrate and an alkaline agent such as sodium hydroxy de, potassium hydroxide, etc. The endog nous 

50 ammonia trapping' layer cdnsisting of reagents such as the above mentioned endogenous ammonia trapping 
reagent arid pH buffer etc. and hydrophilic polymer binder which can be formed into a film. The hydrophilic 
polymer binders used in the above mentioned reaction layer can be used as hydrophilic polymer binders. In 
general, the use of gelatin and gelatin derivatives from among these polymer binders is preferred. 

The thickness of the endogenous ammonia trapping layer is normally from about 3 um to about 30 um 

55 and preferably from about 5 um to about 20 um. 

The endogenous ammonia trapping layers preferably contain NADPH of NADH. o-ketoglutaric acid (a- 
KG) and glutamic acid dehydrogenase (GLDH).. The preferred range (per square meter of endogenous 
ammonia trapping layer) arid preferred content range of. these components are indicated below. 
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^""^^ . 1,500 - 4,000 400. - 8,000 


It 


II 


II 


It 


^ '^0,000 - 100 OOOU 10,000 - .150,0000 

*Coating amount (content) per square meter. 

at least 200 mg/m^ of fumaric acid (ard/or fumarate): ^ ^.^ ^ ^^^^^ 

The endogenous ammonia trapping layer may cons^ of a fine porous y . 
trapping reagent. pH buffer and a hydrophillc |«'y'"^;,,^^ ^ e^LSS^d ^^^^^ spreading layer 

a porous spreading layer or in a ^'^l^^^-t^^^^^'^^ ^^ T^^^ rLpoc^ layer which 
and the ammonia diffusion preventing layer, ^ther /^.J^on oreventio^ 

contains a polymer binder wf,i6h Is P^^^^^^^^^l^T^^^ then the spreading 

above. When the ammonia trappmg reagents are * of ammonia trapping reagent 

layer also functions as an endogenous ammon.a ^.^^"^'^^'^^^^"^^^^^1^ Sige of a fine 
(covering weight,, the type ^^^^^^^^ ^er 

porous endogenous f^'"^™;^^!^^'"^ Jj^^ ammonia, removing layer of fine 

r-y" ™r ^^^^ - --^ ~ ^'-^^ 

ammonia Japping layer are water .pem,eable ^^J^ P^^f ^ '"^^^^^^^^^^ and light 

powders (referred to below simply as fine particles) P^^f^'S**^^^^^^ hydrophilic) 
reflecting properties are dispersed and retained .n a ^^^^^^^^^^^^^ and 

normally within the range fronn about 2.5 to about 7.5 of from about 3.0 to 
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disclosed in Japan&e Patent Application (OPI) No. 222.769/85 (for example tricot knitting, double tricot 
knitting. Milailese knitting etc.). a spreading layer consisting of a paper made by including organic polymer 
fiber pulps as disclosed in Japanese Patent Application (OPI) No. 148^50/82, a membrane filter (blush 
polymer layer) as disclosed in Japanese Patent Document i^io. 21.677/78 and U.S. Patent No. 3.992,158 

5 etc., a non-woven isotropic porous spreading layer such as the continuous fine-pore porous layers in which 
polymer micro-beads, glass micro-beads or siliceous earth etc. are retained in a hydrophillc polymer binder, 
and a non-woven isotropic porous spreading layer consisting of a continous fine-pore pprous layer in which 
polymer micro-beads are t>ond6d together with point to point contact with a polymer adhesive which is not 
swelled by water (a layer with a three dimensional lattice-like particle structure) as disclosed in Japanese 

10 Patent Application (OPI) No. 90.859/80 etc. can be used for the porous spreading layer. 

These layers can be made to function as endogenous ammonia trapping layers by including an 
ammonia trapping reagent and a pH buffer etc. within the porous spreading layer, but in these emlxjdi- 
ments a fiber-based spreading layer such as a woven material spreading layer or a knitted material 
spreading layer is preferred from the point of view of retainir^g the reagent composition within the spr ading 

15 layer. ; - : 

Examples of methods for including reagent compositwns which contain ammonia trapping enzymes in 
spreading layers, include first providing a porous spreading layer on a coated layer, and then a coating 
aqueous or organic solvent solution which contains the reagent composition which includes an enzyme on 
the top of the spreading layer, as disclosed in Japanese Patent Application (OPI) Nos. 171,864/84, 

20 222.769/85 and 222.770/85 etc. , ~ 

The woven material base or knitted material base used for the porous spreading layer may be 
subjected on at least one side to a physical activation treatrrient such as a glow discharge treatment or a 
coronal discharge treatment as disclosed In Japanese Patent Application (OPI) Nos. 66,359/82; a treatment 
which renders it hydrophilic such as a washing and decreasing treatment and immersion in a hydrophilic 

25 polymer etc. as disclosed, in Japanese Patent Application Nos. 164.356/80 and 66.359/82 etc. or a treatment 
in which the base region is rendered hydrophilic by carrying out suitable combinations of these treatments, 
and the strength of adhesion with the underlying layer (on the side nearer to the support) can be increased 
in thi^ way. r . : : 

An essentially. non-porous endogenous ammonia trapping layer which contains a hydrophilic polymer 

30 binder' can also function as a bonding layer for the atbu:hment of the porous spreading layer directly (L 
without the establishment of a separate binding layer), but a known bonding layer containing a hydrophilic 
polymer as typified by gelatin can be provided with a view to bonding, firmly and unifying the spreading 
layer. The thickness of the t)onding layer, wheri dry. is within the range from about 0.5 iim to about 5 am. 
Surfactants can be included in the indicator layers, reaction, layers, ammonia diffusion preventing layers. 

35 endogenous ammonia trapping layers, light. shielding layers, bonding layers, spreading layers and spread- 
ing layers which contain ammonia trapping reagent compositions etc. Non-ionic surfactants are exmapl s of 
such surfactants. Specific examples of- such non-ionic surfactants include p-octylphenoxypolyethoxyethanol, 
p-nonylphencxypolyethoxyethanol. polyoxyethylene oleyl ether, polyoxyethylenesorbitane monolaurate, p- 
nonylphenoxypolygiycidol, octylglucoside etc. The spreading action (metering action) on the aqueous fluid 

40 samples is improved by including^ a nonrionic surfactant in the spreading laiyer- Th® water in the aqueous 
fluid sample can be adsorbed with, greater uniformity in the reagent layers or water absorbing layers during 
the analytical procedure by including a non-ionic surfactant in the layers,, knd furthermore the liquid contact 
with the spreading layer is speeded up. and becomes essentially uniform. ' 

The multi-layer analysis elements of this invention can be manufactured using known methods 

45 disclosed in the specifications of the various patent documents which have been referred to earlier. 

: The multi-layer analysis elements of . this invention are preferably cut into recutangular pieces of side 
length about 15 mm and 30 mm or into . circle's of about the same size and housed in slide mounts as 
disclosed in Japanese Patent Publication isio. 28.331/82. Japanese Utility Model Design Registration (OPi) 
Nov. 142,454/81. Japanese patent Application (OPI) No. 63,452/81. Japanese Utility Model /Vpplication (OPI) 

50 No. 32;350/83 and Re-published Japanese Patent Application (based on International Application) No. 
501.144/83 etcw from the points of view of . manufacture, packaging, transportation, storage, and the making 
of measurements etc. Depending on the purpose for which they are used, these may be housed for use in 
the form of a long tape in cassette or magazine, or small pieces can be stuck onto or housed for use on a 
card which has a small opening. 

S5 The multi-layer analysis elements of this invention can be used for the analysis of analytes (ammonia 
producing substances) in fluid samples by following the procedures disclosed in the specifications of the 
various patenst mentioned previously. That is to say, an aqueous fluid sample of volume within the range of 
from about 5 uL ("L" is referred to "liter") to 30 uL and preferably within the range of from about 8 uL to 
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70 


T5 


.5 UL consis^ng of w.c,e blood, plasma. .^T^^^i^:^ Tl Td 

incubated at an essentially constant temperature '^^''JV^",%^^J^ia of from 1 minute to 10 
preferably at an essentially constant temperature .n the vicinrty 37 ^ ^ P^°° ° conventional 
minutes, and the analyte content of the fluid ^^P'^ ^^^^^^^^^^^^ Hght 
colorimatric method in which use is made of « P^^^^^'^^'T P^^P^^.^ ruSleHght of a wavelength the 
reflected from the optically transparent suppor^ ^'Jl"Trhirotor^^^^^^^ witt.in the 

same as. or close to. the peak absorption Q^'J^ ^Jf/^^r^^Jf^J^^^ arS the analyte 

element. Alternatively, the fluorescence ntens.ty ^i. '^'"^^^^^ Quantitativ 
content of the fluid sample can be ^j'^"^*^ "^"S ^^^^ the amount of fluid 

analysis of the analyte can be earned out wrth^a high ^'^Q^fl!*^ ^"^^{g^ig ^0^^ of ammonia- 
sample spoted and the time and temperature dunng '^^^"J 3'^^^^^^^^ Invention Is 

producing substances which can t>e ^^^'VJ^J^'J Tc^tcre^^^^ f^om about 5 mg,dL to about 

s^-^rrarr^^^^^^^^ 


X 


30 


Example 1 

An indicator layer was coated onto a transparent polyethyleneterephthalate (PET) J''" J^'^^^^^ 
applying a uniform pressure- . : 
Covering Wei2htelE2£ 2^ 

Polyvinylacetate-ethylacrylate copolymer latex 8.5 grams 
N-polyoxyethylene-N-octanesulfonamide (containing average 16 units) 100 mg 

A reaction layer.an ammonia diffusion preventing layer, an intem,edlate '^V^,^ f"^, ^ ^^^jnous 
■ ammonlaWing layer were then coated in that order sequentially from aqueous solutK>ns on top of th a,r 
JTrri^yeraid drli to provide the covering weights indicated below in each case. 


as 


Covering Weights (ger square meter) of the Reaction l^AIkali treated gelatin 11.7 g 
Sodium tetratxDrate p-^tonylpbenoxypoiyglycldol. 1.7g 

9.5. Hereinafter, the pH value was adjusted In the same way.) 750 u 


WnhjM. Iiw ^ rr:! :! ' Preventing UyferPry Layer thickness 

45 um . 
Alkali treated gelatin 8.3 g ^ . v onn 

p-Nonylphenoxypolyglycidol (average length 10 glyadol units) 200 mg 
Sodium tetraborate (pH of the coating liquid 9.0) 750 mg 


7.5 


50 


Covering Weights (per squre meter) of the Endogenous Ammonia Iraeeina taSrAlkali treated gelatin 


7.5 g 

Sodium tetraborate 1.35 g 

p-Nonylphenoxypolyglycidol (average length 10 glycidol units) 170 mg 

55 a-ketoglutaric acid 2.5 g 

NADPH 1.6 g «^^^m 
GLDH (EC. 1 .4.1 .4) (pH of the coating liquid 8.0) 70000 U 
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The^ endogenous ammonia trapping layer was uniformly swelled using a 0.2% aqueous p-nonylphenox- 
ypolyglycidol solution and then a tricot knitted cloth (about 240 um thick using polyethylene terephthalate 
spinning yarn, gauge No. . 40, given a 25% weight, reduction treatment in NaOH) which had been subjected 
to a glow discharge was adhered and passed between pressure rollers to form a uniform laminate. 

An integral multi-layer analysis element for the quantitative analysis of creatinine was completed by dip- 
coating in the following solutiori to provide the coating weights indicated below and drying, in order to 
improve the spreading properties of this laminated element. Methylcelluldse: (2% aqueous solution of 
viscosity 50 cps at 20 ^C) SOOmg 

Hydroxy propylcellulose (containing 28-30% methoxy groups. 7 - 12% hydroxy propoxy groups. 2% aqueous 
solution of viscosity 50 cps at 20*C) '800mg 

Fine titanium dioxide grains (rutile type, trains size 0.25-0.40 um) 10.7 g 
Nbnylphenoxypolyethoxyethanol (containing averag^ 40 ethoxy units) 2.0 g * ' 
p-Nonylphenoxypolyglycidol .(average length 10 glycldol units) 220 nig ' 


Example 2 

An integral multi-layer analysis element for the quantitative analysis of creatinine was prepared in the 
same way as in Example 1 except that the covering weights of the components in the ammonia diffusion 
preventing layer were changed in the way indicated below. 

Covering Weights (per squre meter) of tine Ammonia Diffusion Preventing Layer Pry layer thicknesss 1 5 
um 

Alkali treated gelatin 6.6 g , . 

p-Nonylphenoxypolyglycidol (average length 10 glycidol units) 400 mg . . : , 
Sodium tetraborate (pH of the coating liquid 9.0) . 1500 mg 


Example 3 . 

An integral multi-layer analysis element for ttie quantitative analysis of creatinine was prepared in tti 
same way as in example 1. except that the covering weights of the components in the endogenous 
ammonia trapping layer were changed in the way indicated below. 

Covering Weights (per squre meter) of tfie Endogenous Ammonia Trapping Layer Alkali treated gelatin 

.7.5 g r. . . . ' . . . ' -. ^ . ' 1 ' , 

Sodium tetraborate 1.35 g 

p-Nonylphenoxypolyglycidol (average lengtii 10 glycidof units) 170 mg * 
Sodium a-ketoglutarate 25 g 
NADH' ,160 mg 

Adenosine diphosphate (ADR) 560 mg 

QLDH (EC.1 ,4.1 .4) (pH of the coating liquid 8.0) 1 0500 U 


Comparative Example 1 

An integral multi-layer analysis element for the quantitative analysis of creatinine was prepared in th 
same way as in example 1 . except tfiat the endogenous -^'mohia trapping layer was provided directly on 
top of the reaction layer without an ammonia diffusion preventing layer. 
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20 


An integral muii»-.ciy^- ^ vrlot that the endogenous ammonia irapp-ny 
same way as in Example .f' ^^^^ diffusion preventing layer. described above 

creatinine crystals in a 7 ^ aqueou 

8 and 16 mg/dL ^.^.^ .^s spotted -to ^J^^^^^^^ light of 

Ten microliters o ^gs measured by means of ^^^l^^tf 'Js \ and 2 are the values 

element and the color °^^<=^^^^J^^ The numerical values shov«^- .gst solution was 

and 2 and comparative example i were^^^ 
density when-included in concentrations Of up to 

Table 1 


25 


30 


35 


40 


45 


Creatinine 
Concentration 

(mg/dL) 


1 
2 
4 

8 . 
16 



Thickness of the 
junnionia Diffusion T.Spm 
Preventing Layer 


15 jua 


None 


anting iiayei. , ^^vinal 

• 4.vi« fable are color optical 
(The numerical values m the Table a 

densities.) 


33 ammonia in concentrations of up to about 200 ug.dL 
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Creatine 

Concentration 

(ind/dL) 


1 

i 

4 


.-8 

Thickness of the 
Ammonia Diffusion 
Preventing layer 


Table 2 

Multi-layer Analysis Element 


Example 3 
0;059 
0.133 
0,205 
0.146 
0.726 

7.5pm 


Comparative 
Example 2 

0.038 

0.085 

0.167 

0.351 

0.623 

NONE 


Example 4 

An integral muilti-layer analysis element for the quantitative analysis of creatinine having an indicator 
layer, an air barrier layer, a reaction layer, an intermediate layer, an endogenous ammonia trapping layer 
and a spreading layer containing knitted cloth on a color less transparent PET film support in this order, 
was prepared in the same way as in Example 1. , 


Covering Weights (per square meter) of ttJQ Reaction Layer A lkali treated gelatin 1 0.0 g 
Soddium tetraborate 2.5 g 
p-Nonylphenoxypolyglycidol 2.5 g 
(average length 10 glycidol units) 230 mg 

Creatinine iminohydrolase (adjusting pH of the Coating liquid 9.5 using NaOH) ' 1125 U 


Covering Weights (per squre meter) of ttje Spreading LayerM ethylceHulose 2% aqueous solution of 
viscosity 50 cpt at 20*C) 1100 mg 

Hydroxypropylceliulose (containing 28-30% methbxy groups. 7 - 12% hydroxy propoxy groups, 2% aqueous 

solution of viscosity 50 cps at 20'*C) 1 1 00 mg 

Rne titanium dioxide grains (rutile type, grain size 0.25-0.4um) 14.9 g 

Nonylphenoxypolyethoxyethanol (containing average 40 ethoxy units) 2670 mg 

p-Nonylphenoxuy poly glycidol (average length 10 glycidol units) 590 mg 

A quantitative analysis of creatinine vyas carried out using the integral multi-layer analysis element in the 
same way as in Example 1 and the same results as in Example 1 were obtaiined. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that vairious changes and modifications can be made therein without 
departing from the spirit and scop thereof. 
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Claims ^.^ 

1 A muia-layw analysL atement comprising an endogenous ammonia trapping 

^SU^ said aSaogenoSs ammonia capping iayarand said "'d «%'r capai>l. o( 

2 A mullHayer analysis atement as cteitnad in daim 1 «t»«« «o midmass of said layer capaoie oi 

'--r^ =:a^rrr rss-i-rn^Lr sii°:?rssra ^ ^ 

produced by gaseous ammonia; 

(2) A liquid pemieation barrier layer permeable to gaseous ammonia: 
IS (3) Said ammonia producing layer; 

(4) Said layer capable of preventing the diffusion of gaseous ammonia; 

(5) Said endogenous ammonia-trapping layer, and 

4 TJ:^^:^'^ as cMOmsd in Cairn compHsIn, an op«cai,y Jnsparan, and w«ar 

imoermeable suDDOrt having hrereon in the following order outwardly from . said support ; _ 

.mpeniaeable support h^a ^^9^^^^^^^^^^ ^^^^.^^ .^^^ ^ ^^^^^ change 

produced by gaseous ammonia: 

(2) A liquid pernieaBon barrier layer pemiable gaseous ammonia: 

(3) Said ammonia producing layer; 

(4) Said layer capable of preventing the diffusion of ammonia; „„«„8a »«.r,™no lav r is 

(5) Said endogenous ammonia trapping layer, wherein said endogenous ammonia trapping lay r .s 

?rrm'u« -SJs element as claimed In c^m 3. wherein s.d Uquid pennea«on barHer layer Is 

^ ''r^T::;^l'llXr^tZ::Z dalm S. wherem said layer capable of Pr-n«ng 
diffusion of ammonia comprises from about 4.0 g/m^ to 40 g^m^ of an essentially non-porous f^ty^^^ 
bSer. said layer having a thickness of from about 5 um to 50 um and a pH of from ^.0 to 11^;,^ 

7 -nS multi-layer Sialysis element as claimed in claim 8. wherein said layer capable of preventog * 
diffusioT^f^mS comprises from about 5.5 g.m^ to 25 g.m^ of a hydnophlllc P°J^* ^f^^^, 
ftom a gelatin and a gelatin derivative, said layer having a pH of from about 8.0 to 10.0 and a thickness of 
from about 7 um to 30 um. 
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j^racy, using a simple procedure. 
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